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TUCOP FAILURE THRESHOLD TEST C06R* 

G. E. Culley, P. C. Ferrell, (WHC), R. Herbert (UKAEA) and 

W. J. Woods (UKAEA) 

The C06R tes t was the s i x th s i ng le -p in tes t i n the co l labora t ive US/UK 

PR/TREAT t rans ien t t e s t i n g program.! I t was designed to study the mechanism, 

time and locat ion of cladding f a i l u r e and f i r s t fuel escape in an Intermediate 

channel t rans ien t undercooling - overpower accident (TUCOP). I t complements 

the LO52 and L073 tes ts which studied post f a i l u r e fuel dispersal In a s i m i l a r 

hypothet ical accident. The tes t fue l was a s ingle I r rad ia ted d r i ve r fuel pin 

taken from the UK's Prototype Fast Reactor (PFR) a f t e r -4% peak burnup. 

The tes t vehic le was the Westinghouse Handford Company's s ing le pin t es t 

loop w i th f lowing sodium coolant , and the tes t fuel was supported by simulated 

g r i d supports In the t es t t r a i n f low tube. Instrumentation was provided t o 

measure I n l e t and ou t le t f lows, temperatures, pressures and acoustic s igna ls , 

and the fast neutron hodoscope was used t o monitor fuel motion. 

The power t rans ien t was designed i n two pa r t s ; a constant power por t ion 

( f l a t - t o p ) and the over-power bu rs t . The f l a t - t o p power level and i n i t i a l 

tes t f low were chosen t o produce tes t fue l and cladding temperatures s imulat ­

ing those expected in an LMFBR l o s s - o f - f l o w accident when the f low has reduced 

to about 1/3 of i t s nominal value. The burst then simulated the e f fec t of the 

overpower pulse produced by LOF dr iven void ing In an LMFBR wi th substant ia l 
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positive sodium void worth. An unique feature of this test was the use of a 

temperature signal to initiate the overpower burst at a pre-set outlet temper­

ature, with a maximum allowable flat-top duration as a back up burst 1nit1a-> 

tor. The objective of this was to initiate the destructive burst when coolant 

conditions were close to boiling, but before actual boiling initiation. 

The results of the test are summarized In table 1 and figure I. The 

power pulse was triggered at 12.95 s when the outlet temperature was 70*'C 

below the saturation temperature of 1230°K. The transient then proceeded on a 

period of 0.55 s for 0.6 s when the final fast burst was Initiated, 

During the flat-top the hodoscope observed a gradual axial expansion of 

the fuel column which, by 10 seconds, reached about 4 mm (uncorrected for end 

collar effects). There was no noticeable bowing or sideways displacement of 

the fuel column at this stage. The first significant phenomenon observed 

during the burst phase of the test was an apparent further Increase in fuel at 

the top of the column, equivalent to ~5 mm of fuel. This may be due to 

additional axial expansion or Internal motion of molten fuel or both in 

combination. Next, boiling of the sodium coolant began ~125 ms into the final 

burst, as Indicated by the divergence of the inlet and outlet flows. The 

resulting test section voiding progressed over the next 105 ms when the fuel 

pin failed at 13.828 s over a 30 mm zone centered at 80% of the fuel height. 

The inlet flowmeter signal indicates that dryout was possibly occurring during 

the 10 ms prior to fuel pin failure. Emerging fuel accumulated in the 

vicinity of the failure site for about 30 ms and then dispersed upwards. This 

dispersal was coincident with a sudden expulsion of coolant from both ends of 

the test section. 

It Is not yet know whether the accumulation of approximately 5 grams of 

fuel at the failure site Is representative of LMFBR conditions or if the 



i n i t i a l ex-pin fuel motion was Influenced by the proximity of the flow tube. 

However, i t is s igni f icant to note that even with the accumulation of fuel 

outside the fa i l u re s i t e , the In-pin motion of molten fuel to the breach 

produced a decrease in the net fuel worth. The subsequent upwards dispersal 

of the accumulated fuel produced an additional drop leading to a total 

decrease In net fuel worth of ~15%. 

Fully detailed analyses of the bo i l ing , voiding cladding fai lure and fuel 

motion is not yet complete. However, simpl i f ied treatments (indicate that 

fuel pin fa i lu re and i n i t i a l fuel motions are dominated by conditions produced 

within the fuel by the power burst and depend only weakly on the coolant 

behavior for th is type of transient. 

In summary, the C06R test has produced evidence that both pre and post 

fa i lu re Internal fuel motions produce net fuel worth decreases that would help 

mit igate a TUCOP accident in an LMFBR. Furthermore, the high axial fa i lure 

location w i l l prevent worth increases even i f emergent fuel momentarily 

accumulates at the fa i lu re s i te before i t disperses upward. 
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TABLE 1 

SUMMARY OF C06R RESULTS 

TREAT CLOCK 

EVENT DESCRIPTION TIME (S) 

TREAT clock and control computer star t 0 

Start of power raising 3.9 

Flat-top power reached ~ 22 MW (TREAT) 5.2 

Axial expansion seen by hodoscope 5 - 1 0 

Start of long period segment of burst 12.95 

Change to short period segment of burst 13.55 

Further fuel observed at top of fuel column 13.65 - 13.76 

Start of coolant boi l ing and test channel voiding 13.725 

Probable dryout 13.820 

First fuel escape recorded by hodoscope 13.828 

Final flow expulsion begins 13.84 

Peak power 1161 MW 13.87 

Flow tube fa i lu re 13.90 

Power at zero 14.00 
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